
[21] 01801053.9 



[ 51 ] Int. Q 7 

H04L 27/26 
H04L 25/03 



[43] #7FB 2003 ^3^19 0 


[11] 4HF^ CN 1404675A 


[22] $i»B 2001.2.22 [21] $i8^ 01801053.9 


[74] **jft3*ltt + a^*lftfi(#ii)*IR&^ 


[30] OTJtK 


ttSA m%m 3EJSJS 


[32] 2000. 2.22 [33] EP [31] 00200596.5 




[86] mix*® PCT/EP01/02173 2001.2.22 




[87] mtfiteft W001/63870 ^ 2001 . 8. 30 




[85] iSASiSRfrKHS) 2001.12.24 




[71] fHiftA M^*J?f fc^WPB^ 








[72] SWA J-P-M-G; 




A • 




J • W • M • W^MW 




A • A • C • M • 









[57] an 

«i|fc«l(20)fiJg->Mtilttih*(28), 

( 29 ) ifeiij Mi^fB ^ «f ft & to 
ici. maiSTh*(28) (24) ffl^ffl^ 

«4MU20) tox&&ffi*ft$Jii«toTfe. 




r- 

I 

OO 

o 

O 

to 

CO 



tffcbf AVAIUWLk Our t 



01801053. 9 



& *j m * * 



JH1/2R 



1. JUL**. (10) ft***. (20) .X#£ftjfc#*tf-*tfc# 
4M-*(28), «f-4fr#^*itiS*JUp*Jti*>fH**, 20) 

5 i£&*-*9*« (24), J9f-*ff#*|-ftdMMftA*'**. (29) 4fc 
41 + ICI, #t^-(til.#^^ (28) 

(24) fl^flJ8*B^4l*«ifc*«tti*>fcfe£, 

2. 1 #3L#££t, *t^#*t*l. (20) ^-^^'^ 
10 ##L, &t#-£il#*HI (28) >f-^4fc^^t^, JS-fAUfcHltt 

*%ib (23) tt&^teif (27) £*-^tfe#-H-ife£#t& 

JLiM-lt (29) 

3- ****** 1 (20) £->N«;tiL. 

*t#^iHM"g (28) + (76), \fl 

4- 3 ft£jH-£ft, *t*^***t (20) fefcjfl NxN » 
*-**E*&fe*, # t IFFT( 82 X N.&#.(84)#»— 

^ N .£ FFT ( 86 ) # — >M^"J . 

5. fcjN*£3 3,4r4ttiU*&&. * + tt#|JUL*#**»fc4* 
20 *t*#UtiL*«*fc*-^*1**^*(42). 

— ^ OFDM^-f . 

^t. — ^ MC-CDMA / fff-§". 

25 8. .J8-fMJL4r^ ( 10) &#t£ 41 *#-$•#*--#*#.*..< 20), & 
t**£4l*t#-*fc*£ #-^*i.(20) fefc->Mrif:#-H-£ 
(28), l^it, 
( 20 ) & ( 24 ), M ■T&&ttif 29) 

ICI, fctttfltfUM-* (28) 

30 (24) x?wmxn*&*L&x±W(Q&&to&fr / 

9. fcfl**8****bM20), *tW#«t*. (20) ^-^te 
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« « R * * M2/2^ 



#t#^il#-H-fl (28) &^->M?4fcT^^&^, tf^M. 
jjfcfijtfj^ (23) ttffcirfrtfit (27) ^^*-^{fe#-H-tf{ 
(29) ft Hi. 

10- fc*J£-£ 8 «*«#:*.( 20 ), *t^#^*L (20) ^l-^J 
5 tX*ft*t*., *t^^^^(28) fefe-^-f- 7**1*3 (76), 
W -f -f-ilHM- tfe / 

11. >M']^£l0tf.&>lUl(20), &t#-&*bM20) NxN 
»*^J^S*j|l, *t^^*^^-^N^ IFFT (82X N.&JM84) 
#>-^N .&FFT (86) «-->f^J£#.#. 
io 12- fr*J,&£ io iL* li tfj&frtiL (20), 

(42). 

13. *L^^-^-8 5!ll2t'tt^-^^#^*l.(20), *t#2&at 
^^i-^OFDM^-f-. 
15 14. M}£r$L8M 12 t^#-^^#»fc*l. (20), #t#£*l& 

^-f-jl— * MC-CDMA fe-f. 
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ft m % 



an/1535 



5 &&. 

£fcitH*j;fr*, fcyfrtt OFDM MC-CDMA, l«J 
7. OFDM -*.*t*.i£$.#£'.l/8j£ 1970 -^&^#—*Hfl &t 

BPSK. QPSKit,^ MSK 3£#&)i%$l?r&teX» OFDM fi!*^ 
ItL-fcW^X,, 4MJK*IM£*. ZMVLT, OFDM 

is ^&iiii##>frii&s>J ofdm >ff-5-, 

OFDM ^Ji^#^#'&^^^*^^^^#^, Jt.^^ 
#£t&/8 OFDM^*J^^-^i^^, *>7TiBL$L$-%%it& (DAB), 
&-f#t^&&/-##£ (DVB) -^P^^it^feAk,'fc«.r# ( DTTB ), 
20 HIPERLAN/2. DAB ^It^&Ak, 

«. & IFA'99 fe^ft , &B«Mt*«ZDF4* 

25 jt^«|L#T>^^^^^ii.#:^^.il^^^mit-^ OFDM DVB 
&%-ikH®3}n&m%* *.^*P#*tiL^5«.^r%«.. 8 k # OFDM 

TfttiL, SO 

DVB. ®tb&#L, *.ifc4.ii.i±**"^4»4r*.*»^^lH-«fc*. 
#^iUMt#'&, OFDM £&tffl&*L-, 

^ OFDM tt->Hfc.&, ^J4.^5t^Bti#*tFH«JT^»'ttft«ll. 
OFDM &&##&T, 



01801053.9 



£ Guillaume Geslin 1998 -f 4 ^ Stockholm J.£x#|&;fc^ 
^ii^itfeX DVB-T t FFTMtf^lT it£x&t, 

5 7 &t ICI&##b|»ltt^g& 

*#^(*Jt*-f-it6S#*h'4iL* ICI. . *it^iL#* titbit**.*)* 

4-4§5£teTt%, RTttTtf&tiL 
ICI, *t«4^3t#^*^/*^#*«i"ft#^« : f-*t«.iSA.4i« 

ICI **#*Mril««-§S- 2N N 

-£*t« ft* $■ c 4 ^t « J8 - *Mfr* *ifcte . &#at#*f 

f: -H- * *. ® it # £ * * # rf- £ £ 4* & Ol 60 £ 
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itt IB * 313/1551 



£t#*.*£#-^N IFFT\ N .&3M*» N FFT 

FFT#P£, A&-£tf*t##P£. /fl NxNfe^&te^^^-^N 

£ IFFT#*'hN.&jM^— >f-N.£ FFT &%$L, &%-&ftfa%L&®.. 

£tf 27 W&ftb^t-t ICI *UMff, ICI £-8-. 

B 7 & MC-CDMA B , 

30 B 8,t;ML9Jt MC-CDMA #J£^#jMk.# ^^tf^B. 
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ili 99 ^ 3fl4/i53i 



OFDM MC-CDMA 

k&MmitJk, <l/f.>. 4^s= [s„..., Sn ] t 

x(/)=2> 4 exWnm. (1) 



J«t-f«#-il#^N-*.*»^S*r^#^ (AWGN-) #St. HMItt&g 

M0 = ii^^(0exp(/2^)+n(0. (2) 
*-i 

10 

#t*t^ 1 £ k <. N, &£tH>(tm£|5 k*^*fctt 

15 

H k {0*H k <f,)+H' t (fXt-t t ), (3) 

^N>M$>&#^A^-*[y (t„) ,y (t.+T) , .... y ( t„+ ( N-l ) 
T) ] (*t T=l/ (Nf,)) N *t£& (FFT). * 

y=[y„ .... yn] 1 A N >Mfci£#JLH- £*, ^ & 
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ft 99 U ^5/15M 



* = 7rl>. + "T)«p(-&*i/ AO . (4) 
# (2) ftA (4) #JUHJ8ifcfc (3), 

= o 4 J* +fjrf,J,f>/A/)exp(-i2*(* -/)/i/A/) + » t , (5) 

1-0 »-0 

a, =exp(/2^AX^(',)+ff;('rX/o -',)). (<0 
rf, =exp(f2^A)ro;(/ r ), (7) 

5 

£tn„, lSkSN, ^*^T#^Ji.o 2 ^ AWGN##*. 

£ ( 5) ^&-^8i^#P^£.. ^.^n^3L^^^^ A = 

diag {a„ . . . , a„} , D=diag {d , d,} fr— + NxN 

AM 

H = {S M }^ 1 >S w =i:(«^«p(-i2 ff O'-g)«/A0. (8) 

10 

Arts.-*.*; (5) ^Hfr-f 

y = ^j+EDi + n, (9) 

*tn= [n„...,n.:p3l.AWGN4* — *Nxl ' (9) 

15 t, ^it.tt#'&#»iaN*;Mta= [a„ . . . , a H ] T ^ d= [d„ . . . , d H ] T 
4L*.. #-f-H,(t.) + ffi(t,) ( t. - t,) «H,(t 0 ), @jfc£&a k , 1 
<;k*N, exp( i2jtf,lt 0 ). 

d M 1 < k <; N, %T&&f*$-+.MSLftMti*.&&*- 
0Lfi%n&R®-- ^&#;fe#.exp (i2*f,lt„) *#. 
20 S.*U4tit.^>ftrtLBt«i<fc d'.* 0) Wtf«£-*3LICI. 

ii-i^lt**:* dfr@£tf NxN&PfSJt*. #-#(-8) 
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& m Sg6/155i 



to ^fatvtfjftte. ^A^^tJSJl^^. 

4t$L£ft*M&&, ^^tffiM^ N(-fr£-f-&&). ti&Tiax 

15 ), 

l£Ji»r#J&i£-- ( &*|s|, ^flUt*}" ICI ifj A'? #-*T 

n/ (c+n l ), #t n «tt*#i*|-St4fe**>h 

30 ^.^n^&^ili'ttA^'H, >^&H\(t)&->H^#g&ft rt*^ 
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% 99 Jg7/I53i 



£itW&T, &in# (6) *» (7) t^jfc: 
rf, *exp(i2^/r # W(0. l*/<tf • (10) 

{h.,...,h>}, 4lI5J64^^. teit***£ttiM-#iMM*-Nii 

*t#*«*/ MM*, *t 

10 H'tT**!*: 

/»-0 

nti)«t2*%f m h.*tf2*(rjr-fjT m )),\sizN. (ii) 

do) ^ (li) ^# : &&&#;&;g;M L ik^&ajf*^lfcd#M. 
15 K»N ), it-&^it{H 1 (t),H\(t)) lslsI ,T«**A4.^^*r^^ 

«, T««,!8{H 1 (t)} lsli w^{H',(t)} lili:i ,i^*^. 

T, a ^ d ^ ^ if , •&*#0 ^ 

20 

E(ao"}=C < „Ejdi/ w }=C/ (12) 

£t E{.}&^lfc##£i*##, C*. C d & NxN £*#ftjt 
( Hermitian ) 

C<# — ^$*#-Wjt 1974 -f- John Wiley & Sons ^fMSfl 
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& W V %8/15R 



Jakes tenth <Lmk.$?h%.m £**W*ifc##^iifcjMI 
it^*^ M# Jakes«) M^lSJ^##-^*^*i:^t 

T, 

5 

c. - C.C, =r'c, y > .IteflT.c, - i - 55 L- ] ^4i jm^. (13) 

->Hfcfr#fMfr**i£fc. it4^f3^4 Jakes ( 13).' # C *5 

15 

C = UAU", (14) 

£t U NxN A**#**Mi.{A,,...,A.}«* 

NxN iE)**'*E*. ^^^^^^^^{A,,...,^}!!^^^^:^ 
iMTtt^M. tf-f Jakes *g, &^l9*4*^4|.##ftjfeA#l*: 

20 

A, ~ exp(- /,r ft *), fori £ * S /V . (15) 
{A„... ( A W }*{A, A r ,0.-0}- 06) 
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tt m # 3S9/1531 



5 10*»-*.gMMH20. it^£#£Sfci£T 10 ^#*t 

^2&aM&-f-T#£-^ OFDM ^-f-it,^-^ MC-CDMA lt^. 

* 20 22i J9f-^*t^**^itat«-5-at-fr«f«. *'t*t 

#>#g 24*iiS#Tftfc*-*.>itsi^^*itir-f-t*4 ici ir-f . 

a 24##if&^^it 25 ( £&MkJ9ti1iGti&i#I!|ti ) 
(#.) IMK&26. BL»»26> k 4*J8-f 

#4fc*U*t^f *t«^^, FEC***, *t## 

15 ^/i£-3t$#it «M®H 26 it 

-f--*,^ ife iM-^it 27. ftjjM*. 20 3£ &&->Hri£ 

#ifg28, ffl1 L #-H"^*li!!L^'IS>£29, tffl^lt 29. 

24^JR#^lfe*.^*^il##§ 28 JUMMi4fg 24 

^-£&29*U&>M>]#f ^.^L^t&fe^ ICI. -ftitteitfl 28 nTtf 
20 fe#-^#.#8l&3l, fl-ftfjM***^ 23 #£*jfp#iti!i£# 

^iC 27 tf&^jfe-fcih -f^t 29 

tiLTF^W. OFDM &4fc#t.*4fj|L, ^^'fit'&^^^^-sr* 

25 #J#fi;&) OFDM **t*lt#^ftX.), 

j&^-&#b|«. (9)) fcajte-f-y = Qs + n. 

. jKU&#s<fM-jdU = Q'y. 
30 il#-^#*t*L'1#^'tt^*t*L. §^##24 Q*y 

S 1 #r^tf4&#t#L 20 T **M*JUM«.. & 
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& m Jg 10/1535 



Q'&l tf/^ttlfcisL ^-#MMSEftJLt» Q' =Q'y 
= Es|y, y, s #&#4&£. iMHtitf 

£\\s -s|| s *.'K + , ICI*^T3ftJfc*.JS#, 

it#^JBt^^^^^*. MMSEf&#ft4fc^S*»#£-ICI 

10 .^A##*t 

is fete-**** 22. fl^tfilM#££&^&#}lf^, *tf>]#2& 

j5H!il 22 -5r^ffi'K:il#S.H-^^ 
Hff?ltW^**.^-5-**fiB« 22 32. &&H32 

^^it^^^^t^^^fe^ilt^^^^^-f-t^ ICI 
it- "St* ICI' ¥li£tt%.&&}Sim& 24, tf^-flf-f-tfiLf 

20 #fe«^-ltil#-H-S 28. %m%r 24 ^FMS&. 

24&#it**#te&#&**;t-ti#, 'fe*#it#*H& 28 & 
<fc^#&24. 24 if} &fe#it 

**t/0M&-JM*« 31. J&*h, 24 tf^tlMt^*t&>&^&'S# 

# -f-AhSt^^ ( H * )• 'ffitteit^ 28 >M"^ 

25 Btl-J^. #itife&ttte£ 29 24, 

29#fc#&£&H 31. ^^31#^it*^^-^lt^#itjb*^lt 
&ft$Wiii^&&&£&mm&frEfi ( }i&iiL%r 30. ICI 
*>j|^aj&^'fr-f-#:^^^^*^ 32. 

t>. #-**fckteY ii Y l ,Y„ fMB£26, ^^#*J^42^il# 
it (^f"S^f#ita^*.^-^3l«#it) JJL#«ii&3L3r#.* OFDM 
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« "| # Hi 1/15K 



&*L*>tilitit*£ t ton. &$.2.%&if) Y,=Y 0 -2Zs 
$|A7#-H-tb£# ici (sz«) £&:£z 5 £-$#]-f-iU# 

Z,,& f Z Jf *t Z 4 = rf. t 

*tJe***.**M.z 1 #ULici, B#««^fcfc##*Mt&Y 0 +* 
5 X#*M. ici^#-r|--&ji.#»iT£. 3tatH50;9ttf mICI<fJ^i^ 
1!^l#l-f L &. f$3«8#, &f ft^"***r«-it*#5LJ:*5 

*f*L. ^^»Z,->Z,t-f"it*&«***#. *3t* 54 Jt^JB^H 
*.-Ht4ifi|ti*HS ^^-^Jt^^^it Z 4 . Stt->MrJIH&*3fc# 
10 &(i£)FFT. (#.— ) FFT 'tfjft&&JS. 

. ^{t. Yo, i-1 ^(ftit^-H-a -f^te^ 

is d(i-i)^lt#^5(i-i). iJtX4f*rt**-flt*.*4^*it. 
. #^rf(i-l)^IUt#i-N(i-l)i|-# Y,(i), 

Y,(i) = Y - S ( </ (i-1) s (i-1) ) 

. tm#< Y,(i)^-H-^^a(i), #JL^fTft ( St&^&ife ) #] 

20 . <d 

. ^^Z 1 (i),Z 2 (i),Z,(i),Z 4 (i),Z s (i), 

. #*: #rtf<®&#-H-a(i), 5 <i) 

25 0*.* a (0). d (0)^5(0). 

= M 1 Z,4lZ,&jt d s*§#-H-. 
*JM"U8 MMSE #*|-4*iE.3t4Mi«. £it#t£3tT, M 1 fi&-jfl'iMI& 
#tf^-**E[ (Z, - ds) Z,'] = 0,&to% e 5tlL%$\Z.&£¥j£L%, 
*te = as-ai. 

30 Mi = {E[ds(ds) H ]S" + E[dse H ]} [E[Sds(ds)"2 H + W + ee" + 

Sdse" + (ds) H E H e]]-' 
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ft W V 3112/1531 



T«###J# M.^lfcifr If, = H B [35 B + G]-\ *t G^JR^Ift:* 

Za&rftfii-fe, te^fe&to^ AffGN ^^{fe#-StJLtf;SU>f£it 
•fcL Z 2 <ftfc&, JfJl/x*3pL, Z 3 , M 2 , Z,5'JI|U£-il Z s #l 

io ^Sto^pqaMf^iE^ m 2 . ^£^a E(z 4 -rf)z 3 H = o„#$)jg 

^T^ifcrfJfc^ih Z 4 tf-^ MMSE al&g. £l^JL*Lsg-&Mt M 2 = 
15 (-^-'ii^jil ) JM-ftit*:***'*. *^ 60 

aim 66 ^atT^^ib 

20 @ 5 &«n&T MMSE ^^^^-#^J^^#Jjt*L. -fej^b-H^ai 

tf-fM"*, #,8. l/sfras. tf-f QAM OFDM, 

25 £i^il>ft#J&, &>&^&fe&#T#J$: 

. Y w 913L% i-1 ^fcA/fHUU-l), -£IMH+ 

<J(i-l) S (i-0. 

. ffl-^lt^>ffrtt < /(i-l)^«:*&#-H-i(i-l)t+^ Y 2 (i), ffl^ 
Y 2 (i) = Y - 3 ( d (i-1) s (i-1) ) 
30 . )K Y 2 (i)4#M**m&a(i), (iMMM ) ^SM'Jfltr 
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& Bjj ^ 3113/15^ 



. -H"# Z B (i) , Z 7 (i) , Z 9 (i) , Z 9 (i) . Z 9 £ rf ( « 

. #&&i£ftt# Z 9 (i) ^J^rf(i) = ad(i-l) + 

5 ( 1-a) Z,(i) 

. 93) flfltt-tt 

0**5(0). d (0)^5.(0). 
T*^it*'jjt3S- 72fr 76*Ji&iMLtt#JLJjLB 3 t *fr M fl = If, 
10 M 7 = Hfc&fif). — -f^fc-ttT^a = O. 9. #r#d(i) = 

0.94.(1-1) + 0. lZ 9 (i). 

HJ&^-^FFT - - FFT ^^^^^A ICI #->f->f*ih 

ofdm #r#- 

t*tf<5(0) ^f" i&fctfi) a^pJiTd(O), J^*^^******;*-* 

20 #»!Mn.t#ai&^> M,. M 2 , M 6 > M 7 ££fc-&i!M>itT# 

^M.T^^#^^^^^-h^'fc^#^#-*t ( £ t 2& ICI & 
tt$M*#*#: (-^ ICI ^^-fcil#^^«lS: (i 

# ICI &>* ) 3,fi) 

MC-CDMA OFDM #4f JL- £ 1993 -^ife 7 

i£ MC-CDMA. OFDM #32tt#ifr > SL$ f ft f 

ds-cdma ia-f . B*«*.£-&££4#*t>&##«6. *g7^7F, 
30 ^.^^«T**#^. *t"f OFDM> -£,0: N tt&f: s 4gf- a $" 

#,P|t&, It S=[S„S 1 S,-,]', $rf$l7Lt St&firQjl. 

& MC-CDMA ^3.t> s = Cx, *tC A— + NxN * = 
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m m # Jfii4/i53i 



[x.,x„ . .^x^V f&%. x ^ N 'M^IT*, 

*14l;M/**fcktt tt r^^". «L^j&(c k [0] c k [N-l]) 

T . -^ffl C = N ,/Z WH M> £t W*&k.*b& NxN # 

5 Walsh-Hadamard#l$, £&i&to*:JMf £i£*t^-<5l 
T, C = C M = C", ^j*CC = I h , &f I.^NxN 
-^#-fclt> MC-CDMA ^M.il.'M OFDM T ^#r&£ jfj j£, 
*4rj#it-«*|jl&-fliA E[x iXj ]* = 8 U , ^^flNt E[xx E ] = I„. 
E[ss e ] = EC[xxH]C = CC H = I. 

10 S 7 ® A7il#-^MC-CDMAiL#*L. 90 ft 

&*.**it*fcifc#*:HS/P>#*, J84r**92» I-FFT94 

&*sfr x f-tfflQ,£f-&. 7 

15 .&Bj-Rbi_T., *to s T s = 2*. 

>3U£l$--*F^4S:{fe tt&^MJl&^M^ MC-CDMA FEC 

-^r&> &i£>& MC-CDMA OFDM. OFDM #J|t*L^l *>J&f- A 

^^OFDM^-^., 

20 *tf" MC-CDMA &gt, t**»rJM&# C ( t&m TtfMg 

106*» 110*>*f^H 102). 3t#*-ft^**t*l, &*Mt*44ElM*itB 

-*«*hJtfc*gfM ( JS-f loo), S^MPirifciliUHKiJL 

&&&MMSEi£3:t. W#*t3£-hX## 0^*, £t 

25 
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ift « £ JI15/1531 



-t ft 4* & # # *U # ^ Jg. & T « £ H; iE £ it # X »t £ ■& *t 
SEiftXmMT-^ OFDM 
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ft m $ m m 




m 3 
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